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ABSTRACT 


The Index chnngo near a quantum transition is shown to cau^e 
significant foed1)ack into a gain medium. Criteria arci given 
for the onset of solf-lasing in an extended material. The dis- 
tortion of a reflected pulse is also considered. 
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PHOTON KKKLF.'C i ION AT THE HOUNDAHY 
OF AN INVEHTKD MEDIUM 


NalHl M. I^jwjuidy 
Cioddtird Space Flight Center 
Greenbelt, Marylaiul 

This communication discuHHes the reflective cffectH that tmnmalous dis- 
))orHion prtxhicoH in a I'CHonmit medium. Near a qinuitum tranHition, th«< au8- 
ce;)tiblHty of a medium an a function of frtH|ueney is composed of both real aiid 
imaginary parts, both of which are nonlinear in frequency. Depending on the 
inversion state of the |x>pulation (gain or absoriition), this susceptibility c. uses 
a ehiuige in the index of refraction (|X)sltlvo or negative). As a function of 
frequency, the index may l)e expressed by 

n(w,f) ■ ♦ 5n(uj.T), (1) 

where n^^ is the index very f;u* from the transition. 

It can be shown that, for a homogeneously broadened transition, the 
index ch:mge, 6n(u', r), is given byj^^ 
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Ill «x]uatlon 2 , V(u\,) in the lino-ooiitur kiUii or iib«or|>tloi) coofflclont, 

2 

1m thi‘ illpola tnutrlx element cuiuiectiiitt the two MtutOM, aiui c*^ nplL'(F>l Is the 

2 

uptilluily tle|)ctulent iiitenwity. U the ItuinuKeiieouH width of Uio trunhltlun, 
Is the i*esoiuuu'e fretiueney, und T Is a characteristic level lifetime. 

When tlu' field in the medium is well below the saturation intensity, 

K*n , 

It < •* ■' ‘f . 

the index chuiiae may Ik* a|»iux)Ximated by: 


n c Xu; >(w • u) I 
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(3) 


llxaminntloii of (H|uution 3 shows that the diflerence in the lixlex that a low - 
level pulse of radiation sees ran be as gri>at as 26n(w, r> when it jjoes from lui 
inverted pail of the medium to iui equilibrium part. Such cases arise in most 
experiments thai Involve pumpinR of a medium. Mortnivor, even uniformly 
pumped regions that prcxlure ^ain at some w will have index ehiuiges relative to 
free space or air. The point to in? made here is that this index change can 
result in significant reflection effects and can cause feedback into the gain 
meillum. This reflection may be characterized as dielectric reflection from 
a nonniiignetic medium. 


♦tjjp is the sponUineous mdlntlve lUeilme for the 1 — J transition. 
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Usint; Froaitors o<iuntlon8 KovenilnK the reflection niul refraction nt the 

interface of two metlln of iiukvxi's, n^ aikl n^ i n; the electric field reflectioi; 

|2I 

coefficients are i^lvon by;**"' 


(n^tAn)ciwtf - n^coifl’ 

“ ' T 

(II tAiiK'iwtf ♦ n 
n cu»0 • (n 

<1 O 

'i : 

♦ (n^ t An)a>i9 

The symbols II oikI 1 reprobent parallel and perpendiculn" polnri/.atlons nt the in- 
terface, rcMpectivcly, while 0 and o' are the incident mul refracted imKles. 

Consifler the situation of a losv-level pulse propngatbig through a gain 
medium that aliruptly Intcrfueos with a medium of Index 1. Assuming that the 
pulse strikes the Interface at normal Incidence and that n^ ^ 1, from equations 
3 and 4, the reflection coefficient Is given by: 


(la) 


(lb) 


* ‘*'0^ 
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When the frequency spread of the pulse Is narrow (ui- v^vc^vj,) juid centered 
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about %} equation 5 can he ap|)roxlmaU>d Ijyt 


-T(w )(u» • w ) c 

f * («) 

**»• 

U 1h clour fi*om equation (i that tho puluo thut 1« reentering the gain modlum 
will he weighted In the frec|uency domain ;ukI therefore will not exhibit the »ame 
temi>oral characterlaticM of the (xilae that made the laut paaa and continued 
through the Interface. The reflected ^uilae can he examined in termn of Ita 
temporal charocterlHtlcs by choosing ua a prcrefloction pulse shape: 

to - e'“"' • (7) 


The foregoing pulse can be Fourier-transformed Into: 





The pulso reentering the gain modlum is inen given by: 


(«) 


•fc„>K) c V- 

dw • 


(9) 


*Such situations often arise when working with laser pulse and spontojieous emis- 
sion amplification. 
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txproHMiun 0 renultM In an intonMlty: 



( 10 ) 


Tho refloctwl pulso Is distortocl aivl has tAvo lolx*s soparnt^il in time by -4-, 
When this slpuil reappears after passa(;e through the gain medium, the output 


will exhibit a rlngliu; type of behavior, Fltau'e 1 shows pulses lj„(t) and Ip(t), 


Kxiunlnatlori of eiiuation (i shows that the effort deseribed would be strongest 

in media that exhibit high gains and narrow linewidths. A good example is 

optically pumped til 3 F nas. Using the 9- pm, P(20) line of a COo laser, CII 3 F 

can be excited by the bnmch trimslti »n, Q(l, 12, 2), This ix'sults in gain at 

the J - 12 — J ■ 11, AK - 0 submllllmetcr wavelength (-iUOp) transition, ilie 

system tloscrlbed exhibits gains on the order of 5 m ^ and a homogeneous 

13 'll 

linewldth of 3 MHz at pressures of about 0.1 torr. ‘ ’ The va'uos stated 
result in a power reflection coefficle .t of It ■ 10“‘1% for w - Por other 

gases, in \\hlch the gain transition has extremely lax*ge values (-lOO m”St 
R values as high as a few tenths of a iH.'rcent may be oittaineil. 


An interesting consequence of this effect is the ix>ssible self-laslng of a 
gas because of the described reflection ciH?friclent. A simplified approach to 
establishing the criteria for laser oscillation is one of equating the round-trip 




Figure 1. Incident and Reflected Pulae Shapes 
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losses encountered by a photon packet to the threshold gain needed. CnllinK 
the t'j*eshold gain, V(i und the active length of the mefiium, t , 

y, *(!/«) «n(r*i . (11) 

Use of the CH^F parameters given requires a threshold gain-length product of 
■ 11.5 for cscillation. This fact suggests that any collection of molecules that 
exhibits some gain,\", con begin self-lasing if its predominant dimension, 
is such that: 



In conclusion, the anomalous dispersion near a transition has been shown 
to produce reflective effects at the interface oi a gain medium and free space. 
The effect is strongest for hluh-gain, narrow-linewidth transitions. This could 
result in the self-oscillation of a gain medium by providing feedback for s|xmta- 
neous emission. Moreover, the criterion is effectively one of dimension for a 
given transition. Such effects could play on important role in phenomena such 
as maser clouds and superfluorescencc. 

In addition, it has been shown that, because of its frei|ucncy dependence, 
this reflection filters out certain frequency com|x>nents and therefore changes 
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the temporal pulse rharscterlstics. This causes th' rrtum envelope to be two 
pulses of nearly the some width as the Incident pulse. In turn, these pulses 
will be ampUfletl and narrowed after a second paaa. This type of behavior Is 

[ 5 ] 

very muoli like the rlnfting obaorved In auperradlance experiments on HF Kas. 
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